32´E) in KwaZulu-Natal were collected using a beam trawl and immediately frozen on dry ice. In all cases, processing involved removal of the basal pleopod joints with the enclosed muscle, as well as a sample of abdominal muscle in the case of smaller individuals. Samples were preserved in cryotubes at -75°C or in liquid nitrogen before analysis.
Laboratory analysis
Portions of tissue were chipped from the frozen sample and homogenized, using a stainless steel pestle, in an approximately equal volume of grinding buffer (100 mM Tris-HCl, pH 8) in the well of a porcelain cavity tile. Proteins were separated electrophoretically, either by applying the sample directly to cellulose acetate gels or by absorbing the sample into chromatography paper wicks (7 mm × 3 mm, Whatman No. 3) and applying these to horizontal, 13% starch gels.
Seven proteins that were shown to be polymorphic in previous studies of genetic variation in P. monodon (Benzie et al. 1992) were assayed: glucose-6-phosphate isomerase (GPI) -E.C.5.3.1.9; peptidase (leu-gly-gly substrate) (LGG) -E.C. 3.4.11/13; peptidase (leu-tyr substrate) (LT) -E.C. 3.4.11/13; malate dehydrogenase (MDH) -E.C. 1.1.1.37; mannose-6-phosphate dehydrogenase (MPI) -E.C. 5.3.1.8; phosphogluconate dehydrogenase (PGD) -E.C. 1.1.1.44 and phosphoglucomutase (PGM) -E.C. 5.4.2.2. Starch and cellulose acetate gel recipes, buffers and running conditions for all the above enzymes followed Benzie et al. (1992) , with the exception of MPI, LGG and LT. Tests with tris-glycine buffer (TG) had shown better resolution for these three systems and these were run at 500 V for 5 hours with 25 mM T-G, pH 8.4, as both electrode and gel buffer (Scandalios 1969) . In some cases, PGM was run on TG instead of a tris-citrate buffer (TC7), because the banding pattern was the same on either buffer. During the analysis, PGD was found to be invariant in these animals and was omitted from further analysis.
All enzymes were visualized by using standard stain recipes (Shaw and Prasad 1970, Richardson et 1986) and alleles were labelled according to their migration distance relative to that of the most common allele, which was assigned a value of 100.
Statistical analyses
Calculations of basic genetic parameters, tests for conformity to Hardy-Weinberg equilibrium frequencies, genetic distance and cluster analyses were carried out using the BIOSYS-1 package (Swofford and Seelander 1981) . It should be noted that, although the use of only polymorphic loci will both inflate genetic distance and bias heterozygosity estimates relative to those obtained using a random sample of loci, analysis of patterns of population differentiation will not be affected. Tests of conformance of allele frequencies to Hardy-Weinberg equilibrium (Elston and Forthofer 1977) and tests of pairwise comparisons of genotype frequencies between populations used significance values appropriately corrected for multiple simultaneous tests following Miller (1966) .
F-statistics were calculated following the method of Weir and Cockerham (1984) , which explicitly takes into account differences in sample sizes among the populations tested. The statistical significance of F st was calculated using the equation given in Waples (1987) to estimate χ 2 . F st was used to calculate the average number of migrants per generation (N e m), in which
RESULTS
In each of the eight polymorphic loci screened, one allele was dominant in all five populations, with the other alleles occurring at a low frequency (Table I , Fig. 2 ). The five populations had mean heterozygosities ranging from 0.08 to 0.012 and a mean number of alleles per locus ranging from 1.8 to 2.4 (Table II) . Gene frequencies at seven of the polymorphic loci (Table III) showed no significant deviation from Hardy-Weinberg expectations, with one exception. LT-1 showed significant heterozygote deficits, with several heterozygotes fewer than expected occurring in the St Lucia, Sofala Banks and Mahajanga populations. Mean F is values, and those for most loci, were not significant, indicating no strong within-population structuring (Table IV) . Two individual loci showed significant F is values; LT-1, reflecting the deficits of heterozygotes detected in the chi-square tests, and MDH-1, due to the strong statistical but biologically unimportant effect of the occurrence of one homozygote (MDH-1 111 - Table I) in the absence of any heterozygote for that locus.
Although the F st value for LT-2 was significant, the lack of significance at other loci and of the mean, indicated no genetic differentiation between populations (Table IV) . Pairwise comparisons showed no further structure, in that none of the pairwise values was significantly different from zero (Table V) . In keeping with this pattern, estimates of N e m suggest that much mixing between populations occurs, with an average N e m of 35.5. A dendrogram (Fig. 3) constructed from Nei's genetic distances between all populations (Table VI) confirmed the lack of structure revealed by the F-statistics. 
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DISCUSSION
It is clear from the results obtained from samples of Madagascar, Moçambique and South African populations that little or no genetic structure exists at the allozyme level which might allow the recognition of separate stocks of P. monodon in those regions of the South-West Indian Ocean. To some extent, this accords with the statement by Dall et al. (1990) that genetic diversity in the Penaeidae is among the lowest recorded for any animals. The present study did, however, show that diversity within these populations was comparable with that found in a small number of P. monodon sampled from a single Australian site (Mulley and Latter 1980) and with populations from Fiji, the Philippines, Taiwan and cultured stocks from Tahiti (Lioe 1984) .
It also appears that, under suitable conditions, it is possible for genetic differences between populations of P. monodon to arise. Highly significant genetic differences have been found between six populations of P.monodon from sites in northern and north-eastern Australia and a western Australian population (Benzie et al. 1992 ). The differences in this case appear to be associated with changes in sea levels over the last 20 000 years, which resulted in the closure of the Torres Strait between Australia and New Guinea from about 18 000 BP until 8 000 BP. The genetic data indicate a colonization of the areas to the west of the Torres Strait from the east after restoration of the marine link. The low diversity of the western Australian population and the fact that all genotypes in the west were found in the northern and eastern populations suggest that the western population was derived from a small founder population from the north. The mechanism by which the uniqueness of the western Australian population is currently maintained is uncertain, because there are no obvious physical barriers to the dispersal of planktonic eggs and larvae, which is a feature typical of inshore penaeids. A disruption of marine links akin to that associated with the above-mentioned New Guinea land bridge would not have been possible in the southern African/Madagascan region because of the coastal topography, but a sea level fall of some 135 m would have drastically reduced the availability of suitable shelf habitat worldwide (Dall et al. 1990 ) and would have been particularly significant in the south western Indian Ocean where the shelf is relatively narrow. Subsequent recolonization of any defaunated areas would have been from tropical areas to the north after sea level recovery and any subsequent genetic divergence between populations in this region would depend on time and geographic separation.
The maximum distance between stocks sampled in this study was c. 2 000 km. The absence of any genetic distinctiveness suggests that, despite this geographical separation, there is sufficient genetic exchange between the different populations to prevent any differentiation. It is possible that exchange is brought about by adults emigrating from juvenile estuarine nursery grounds, but it is more likely that planktonic eggs and larvae would be aided in their southward dispersal by the Moçambique and Agulhas currents. These would, however, be long-term effects, the importance of which may be measured by the lack of divergence in the populations of the region. The significance of dispersal of planktonic eggs and larvae and the predominantly south-flowing currents as factors influencing the short-term dynamics of the different populations remains to be resolved. 
